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[«*« 12] HH ^^^ffiStt^J/j^ JSHftRT S v 

Iff *1 1 3 ] M7/^ > K <t |^M£teflJ<Z« A- 
ifc&O. 5 : 1 — 8 : 1 C t &fi?&Lt ^311*1 

1 U 1 2 1 ^TttA»^BE«<7>^ y ^ —7 f fc 5 1 HM- 

[ff*Sl4] 2 8 7 0. 1 — 



i, Ce, Hf, Sn, Zr, G e S V ^MM-T-ffe 3 

©Fewj^ ^-ma » i St- & & r t ^r#tfe <t -r a if 
*s 4 isife^^- y ^ ^ — 5 v ss-f - y !7 ^-^^ 

W7^3 K(7)V lit flMrf* 3 £> 6 v ^i* 2 

(t^m^tvi^ *> Kci>i^^ i m t oom-s-yo-vfoZ) 

[If*l7] »^6tCl|e«WjBft*iSfe|C*5^T, & 

-r y^- 7&z>\,^-r; v4*-Wft&frt-&&mBk 
vvt\ ^sr/u=^*>K^, OTF*4©s i, Ti, 

Ce, Hf, Sri, Zr, Ge»7^a^r'>KwM5 
2ls *yc^ j e^^-f^/ / J i l1li:ffim^-m3^F efe£ 
1/ WiflfiWF* 2 (75 Z n <Dl vf 1 WOT fV^ * > K £ 

offi^ttT&a ci t k-tz-t 7&> z> v >{3 
i ~ e © h y * fc^-x b 7 r ^ 32 ->-/^T*fc a 

[it *i i o i «rtH»w». i> ^{b^to-cfo a r 



#®^^JC0^K^(D p Hft 2 ~ 5 T'fc 5 , 0 . 

5 mo i/i j^r-efesr fc*rW»ti-^^y^— ^ 
8lit*ifife^*sv &mr ^ •> k^s^^ - *y 2*7/1/ 

[If ^ 1 8 ] ft*! 4^PL14V ^-rtu^^ClStt^ 
l 9 1 IftsWI 1 8 |Qtt<o«BS*»^*3V 

m&m 2 o ] m&m 1^1191 ^-r n/j >^s^^ 



(3) 



#P?i 2003-34531 



[fjt*s 2 i ] ft*i 2 o amm^m^^ N "C N Hit 

#tfW-y ^-^t^W^ zWb^ >"C&3 £ 

£ % 4 7 3-8 7 3K«T\ 0. 5 ~ 1 0 0 Bff^ 

im&m 2 2 1 it*f 2 i ©«a*jfe^*5i , 

# N 5 7 3-6 2 3K«T\ 15-2 4Rm«t 
[fMfcfjl 2 3 ] M*« 2 l ©3B&Wfe^*ji V T\ Hfc 

£\ 7 5 0-8 0 0K«-C\ 0. 5~4B*I«*B^ 



[0 0 0 2] 

[0003] ^<d£v tnrm\& * ^o)%mmmm^ 



[IMW 2 4 ] Mf#S 1^^1231/ ^fb^^^t- 

2 5 ] m*Jg 2 4 lEftO^JRSKt^Tfoo 

[W*«2 6] HMtqi2 5 

[f»*JS 2 7 ] ff^il 2 4 taaw^jRiw^T&o 

2 9 ] MtfPg ^ 4 fEttO^JR«ft*T- & o 



[0 0 0 1] 



fcfj;tStiX\,^2> 0 

[ooo4] feting ttmmmomttstok tt, 

W9-2 5 5 5 7 8) ^&5o U*»U^j6*e>, ^l^L 

[0005] -^-T% -mt^? ^Mft(D&mm4kmicc 

H:*B««>it* £ #*t" S ^^t-ffi ^ 6 "t- y ^ 4r — ^ 

6„ ^tt, ~m4t^? >-^<7>&mmkm^\< ^x t 

^- y ^ <Z)^s*a ^ ntt^\ £ £ £ ^ 

[0 0 0 6] tCT% ^(DttaiWlftWf^ J£A±<7)ilf9^ 
3tftbK^w*iV^-iW^^ v^r^It-fa r b AST* 6 

&m-fzz.k&wmkLx\,*z> 0 tsbi^ z.cot^m^m 
Wit, -ry^-oL— y&>z>\,H$-r; v^^r— Jtm&^is, 

[0 0 0 7] 



[00093 JbffitD-tv^ 

[0 0 10] *LTr©tt«©36iltt:, ilBV^Ttbsavo 

^^ri/K/j\ tfl^WTi, Ce, Hf, Sri, Z 
r , G e&5W4ilGW?*3*>F e <D V t><r>\ 1 

stffcact&wittsitt**^ sera, 
T^a » i m t mm^wt 3 & a ^ « 2 <d&m ^ r a* ^ >- 

«M7^^-/K^ li^t4(7;si 1 Ti, c 

e, Hf, Sn, Zr, G e cOT/t^ df- •> K^I/jiS 2 

a, ^/c:[4 ; e^v^-rtL^^im<tiffim^3(DF efcs^ 

IJil^t 2<DZn <Ot ^"ftL3&» 1 1©7^3 > K £ CO 

mmw i - 6 to h y j^cfsr- i-^r/u^ * ^mx 

113 |Cf4, il,7/^^r-> K t #©^t^iJ^^/u 
J±£r0. 5:1-8: 1 ^«I<h»^t6lil^ 
&£r, 35 1 4 Kfi, 2 8 3 — 3 7 3 K«t\ 0 . 1 

-5oo wfflBw*fl=T?a{t;i-5 r t ^mmt-r^mm^ 

[ooii] — *-e, rottii^iii, _bts^4^i/> 

H\ t!7^ 3 5/ Kt5^^ =■ * A T /V =3 * KT'fe 
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*^^pH^2~5T*ifo9. 3t&^0. 5mo 1 / 1 

> ^ =• * ^ 7V^ * KT?fe 19 N ^ ~ £ 

^LTffltt5^^ f^ = -)A7^=i^'>K^iS 

«U ^17;^ ^ *> YiP*?* — A T A' =2 ]<~x*fo 

Mzmm^t^mmm^ **m&i,xm<£rrzt$, 

[0 0 12] *P^TrOtrJfI^>^{^ ^2 0^ ± 

zm^ ^ b &W{$kb^z^ ; ^^-^frz^^z-r / 

[0 0 13] ^<Dtt«<D»W(±, ±ffi^2 0(OfS 

-y^^T^^-^k:^^ >-C&& £ 4 7 3-8 
7 3KCO^T% 0. 5-10 0Bt«t6r^» 

t53fkf ^ ^T'fcS 5 7 3-6 2 

3 K«t, 15-24 WfWHS*1-5 r ^ ^#m^r i" 
S«Hfe*&Sr, JB2 3W4, mmfr+s^^-z/im: 

Zft-t-ZyrMik^fi b%, 750-800 K<0 

S*t», 0. 5-4#^«wi:^ttW 

[0 0 14] wWWR^ISWft, 
_h!S v ^Tf L36 J; o r Kit £ , ^ 7 *f> ^ - -f 

xbm*fcmfcti&^zzb%¥fmb'tz>i-/^~- 



[0 0 15] 

xwum-rz. 

[0 0 18] r^Jir/^^r'VKirUTIl, JJfvT-g/j* 

2 mX^<n$Lm(OT jv a * 5/ K fc/fl ^ 3 r £: ft if <b ^ 
^ferJi ro7/i^3^r*> K tf) v vf ttfl AW? ffc 3 *> £ ^ 

IM^t^ 4<D Si, Ti, Ce, Hf, Sri, Zr, 
G e „ mm^Wj* 3 O F e £> 6 V ^i4BWF*/jS 2 <D Z n 

3£§W J; 5 UEM£>*n kZtiXi^Ztzbt^ -<n mm<o 
[0019] r.H^w^JR7 r /U3^^Kfi > &M5f3s& 

M, 7/U=>^-//Hl'ORi:t5i^, — «5t M (O 
R) 4, M (OR) M (OR) *£LT^£;fx5#1l 
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£ Li/ \ r ti tel^—<£> 1) (oxfoi x h Prft -5 1> rotfc 
-co, t^id ^Kt ^: i ~ 6 <z> Mi ^fc^h^r^ 

(OiPrli, C e (OnB u) <, Hf (On B u) 
Fe (OCH (CH») CH.OCHh) a&JEl^S 

[0020] ±ia<7^MT^3^^ K&ffiW-f-sWttltl 

tLT, 5:1 — 1:1. 5, J:9#*L<(^ 1 : 1 

[o o 2 i ] HLflp?aH4»Jf^ r<DtaiB<D*W^^IWWfc: 

#f,C*JV>T^«Wft^y^^--^*fo5^^ / 17 

^ft^o ft3S»"C<>, HBJKBir ^v*Srffli^^c:^^» 

[0022] r©w«<D«w,c*5i^T«:, ±ia^mr 
W2ii { 9^%^i:i-6r«b/jST^^ 0 ifiott, M7 

[0 0 2 3] w^>«t ^^L-T^^tL^^M^-^^ 

(a) ^^^^-JitflW^^^iiff Us ✓A'* 
tz.\%¥M\L L.X&mm<m$:1&f8rtZ> 0 c co yVu-^ ^ti 



(6) 
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irftSJ;?^ (b) frf-M&fc&MifctZo ^v>ft*M 

&m±* ^mmimfrmfcWM- 1$ \< ^m^cmm t ft 
(c) &m<4 x-^&ftmfm. 

So 

[0 0 2 4] -fftt^ fc£:;if*\ £T\ #W£t±£U 
ft, »ffilStt*U4***B5Sr+^^ VtzW^M^t ft 



*t»HiO/t i aUR_h£ftSJ; 

[0028] %k±.<D&mTj^*isv\ zmmftM, tk 

i:U, 0. 1 : 1—30 : 1, «fc 9 L< fiO . 
5:1-8: 1 (Dtm^tti' ^ C t &X*Z Z>u tlbz. 
t*\ T J V a *r is Y'h^ # ~ V J* T /U =i ^ > K T? & o 



[0025] &ti—jjx\ m^mvt^mr/u^^-y 

itmmmztiZo ti^x^mmmm, jn&ssftfc* 
^&zw&>mcmm^R^\^x^(?m<7)f&M&w 

:fr?i>>ft, » ft 3 ^SMfc^^KriS-*- / ^ a. — 3 
V ^n-i" SV>( -Y—&mc®:j£ t5ti%> C h t£ft<5 0 lixPj 

[0026] #fettS^iW^«B!R(OfW»i, *t* 
&J£ I'^aot^St «>HK ( - f ±» X. ft * 

H/j^O—12, ftt^2mo 1 / 1 £XTX*frtti££^ 
?J\ ct^^iit-f^ pH^r2~5, m&&0. 5mo 1 

[0 0 2 7] f^-^N7/^^i/|^fM 

XHtO/T i ^ 2 J^Tir^Slcfta J; 9 JdKHtf-S r 



it^ ti# s ^ ^ = r / ^ =l — 7* (7) ft < ft 

ffim±M<V"£^Vt%3 : 1-5 : UtS^i/j^ 5 
<t<t^t<, 4 : 1 tKftWifi^^j <fc e> tci 

[0 0 2 9] ft^o\ ^WttUi»»WW*ife^*5VNT, K 

(7)7 /\s ^ — /K THF, ^fyfT*i»t5Ctt 
[0 0 3 0] WbSiStc J: t) 

m%L& tiX h X ^ U *>S ^ ^lil^^f^t^^i^i 

[0 0 3 1] ^tt, C<0i±«O*eitC*it^T*±, @^ 
<D4fflr&, 2 8 3 — 3 7 3KT% 0. l-5 0 0«t 

5ift^{b^{4=4: LT, 3 1 3-3 7 3K-C0. 5-3 

o OBWBt-ra ' b&WTFistiZa Mcf£&)\a^ tzk-Z. 

^ &m^T i s Z r ^TzaU f COi^ft, 3 3 3-3 
7 3K, J:t>ffa»Cfi3 5 3Kt*24^t«Ci:/jS 
M^LV^ U ^Ce^ll 3 3 3 — 3 7 3KT2 
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AommmM, sn^^^oe^tM^^ns 1 3-3 
5 3KT-0. svmm&t-fzz t&m&^\ 

-^wm^^^-ry u^^-mm^w^-t^^t-^x 

n^mmit^^mmtn^^^mm^vx 

^<D&m^mm&<D&mjmxw$:i$ tiz> ^ t xmt u 
xn b n z ^mmx &zt^±t>tiz>„ 
m^m*. ^co j: 0 tmM$m&<nmt%: 3 7 3 

T, l^j tCfi 3 5 3 KSXTvM&^X'MfJL't Z> ZL t ^^Jtii 
histix\<^„ ctucjzoT, J;rj^M^ -J-y^ 

[0032] -<?)itim<vmi ef^^mi wmm-zym 



t it, w^m> 3 o£i±x mm^m>4 ^r^mm^ 

[0 0 3 5] J^±<d J: 7 few<DfflM«>5&ei«>^J»iWblfe 



3. 5 i^f«" y !7 -Y ^— JKtt(D^J|iiWW*(41*» 4: 

[0 0 3 3] AJRT^=^S/K4: LTfi?- 

SKW^fcLTk^So ^(Dfzfr, 4 7 3-8 7 3K 
T\ 0. 5-10 0B|^M^ltCi^ ty 

- :7*#w> - SMfr^ * >-<^W B fM & r * — tfft 
fc, JfeS^ajfiS^jS 8 7 3 K8*J: t> kSb< ft 6 ir , r 

5 7 3~6 2 3Ktri 5 — 2 4B#|f^ fc^7jf6 0 0K 
t2 4H^ N fcSVMis 7 5 0-BOOKt'O. 5~4 

J: < WB A * £> T ^ ^ — fef ti - i %m is -fr S 

[0034] ^<Dmm<Dm2 4te\,^m2 7<Dmw&m 



vx^m^mmw;imm-^mm^ti^ 

[0 0 3 6] *fc, r<ottiJK<o»Wi&s««-t-6^/^a. 
[0 0 3 7] £fc, MT/i/^^i/Ki: Itiwr/^ 

mmm t tta s $ f lt ^ -r & , r ©tmr^w 

So 

[0038] ±.m<n-mik^* i/, nMfcxxmz^m 



[0 0 3 9] £^1-1, ilTy^^ri/K^ttte/^^ 

r (ceo 2 ) tm^^o -turn, No*m<7)&MhM 

[0 04 1] t$bl£* 1-S ^^/WTO^IIJEb< 

mmimzimwmmmt \^xmm-tz> z. * t>x$ 
%>» tut, r^^iwb*e#<z)i^->**wtt^j;sA 

y&>z>\i*&r/ ?>(^—mik<D&mMikm\c&<>x^ m 
^e**t, aft, fls*M«^»©«i^ 

[oo4 2] ^t> aswufcia®^»or«*«Sr^ 

[0 0 4 3] 

mmm\ mmmi) w-v^TAs^i/vtv, 

Ts Th7^y/Pt>^H^f^^l> (TIPT) 
Sr. Lt\ T-fe^/ur-fe (a c a c) 

*ffifiHBH £ tt, 7^!)^7; islMMA (L AH 

[0 0 44] a c a c £ T I P T£^r/Uj:t 1 : 1 "0#ILn* 
U TIP«afco LAHCftO. lMtCfl^ 
U LAHC«it :WLAHC«^ P H 
[3\ 4. 5 <t Lfc 

[0 0 4 5] TIPTMHAHC^M^ 
4 : 1T»^U 3 5 3KXi)Qfr / Mm£Vtmmfcfc& 
mntS-^X, Mtlto TIPT^LAHCtK 

[oo46] m&mmi-z. fcfcMitm&^mwtzWLtex 
$>v£j>k Ritm^h 2mmmc^7u^tbfj:^ , 3~ 



2003-3453 
[0 0 4 7] i^OTW#f)ixfcf^^7t/f^- 

-jom&k. x^/j^miL (saxs) iaot^< 

m&&(o?&&mm<nWM&s s ax s icx vj m^L-frfa 

(p 2-p i) 

/ (p 2 — p s) T^^H^o p s, pi, p 

[0 0 4 8] T I PT^^Pi-^mf^LAHCTK^^ 

tC N «^4. 4nrn, W^6. SnmORKftOld* 
Sf^^toft^l^^fi, ^6. 9nm, *M§9. 3n 

[0049] ^<Dmm<Dmw#b&Rmf%m?\&mmb 

jfcjftcf*, f^-rt;fa-7'^v'y^t7fa-^ 
[oo5o] fc5-ow»»«Miu, ^^^r-i- 

saxs^- >icf±{5rco^{b i bM.f>tt^/^o^i 0 -^co 
fc^. Rl6Bi/*?a»C>4 8l«BB*5j:t57 2B«H!«<aSAX 

[0 0 5 1 ] 4 8«flW*5J:t^7 2B^t<7«M^O 

tt-2. 7X\ z<Dm&*7x*-k&mm*&ffi&T& 
xmmi-zmc<DMz.n J btizmx& ei > ^/ujaswr— 

[0 0 5 2] £JL±^r.i:*»€>^ f? = ^7^3*->K 



it, ' 

6 2 3K, 7 7 3KT*&Lfc^<D^ -^tL-^tu 

<l> f££kA~Clc:o^T N 

[0 0 5 3] ^^-lt7t^4AcO^^^, 
H4 8 H#^mcOf^^^^m t -Ife 6 2 3 K 

^^1^7 7 3 KT« Lfcf^-B *5 cfc t>1*£fC <Dft$v fa 

[0 0 5 5] 7 7 3 Kt"«t^-C(DT EMil^I 
2_b^Lfc 0 P:f4CtCt>^fc, 5 — 1 6 nm 

So 

[0 0 5 6] :ilf>«)TEMW»fj«:, i^co-r/*?^ 

6„ 7 7 3KT«bt^CWffli^Wi (S 
EM) @L&m2 ct^L-fe. SEMtoi^fc, f-*~T 

<2> [*I 3 id, ^A#oJ;t)^*4C«Z)X|*lHlJfT (XR 

d) ut* m^cDiE-i-: a rat, T-f-z—^n 

fs|. a *s J: t>K*4 c<d^~t-*v^— ^^fif^t 
±fr * ^teJE^ 9 *s *? S rt s , *W cwt-^ I *Sfev > - 
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< 3 > 6 2 SKt-ffiffiLtlWBOBET^iSi 

tlKil 1 5mygtfc9, £?L#3»te0. 24 3 

[0 0 5 7] r<D^4B<D^7L^^^Ts Dollimore & 
Heal?£{££oT*6, *Wj»*S:Jl4. b ^ Lfc, 1* 
»B4 J tC**f$tbfc^?L*«^*fcr'-^H:, 2. 6 5 
~3. 6 0nmtfcofc B d^L^^Ht"— ^fgfi, 

[0 0 5 8] $Lk<DZk***>s 5-9— T-r 

(n»y 3 ) h»j 1 -ew^n/t-tf 9^tt©*wu* 

[0 0 5 9] 1 [C^Lfc^^J&U 

[0 0 6 0] ^^T-tV ^^l— ^©*fgtt««tttero 
."tt, ^3 6 5 nm©#*MI«rK I *JWSJCfliltUfc 

St»oj5« % I «t 0 5 1 "f* w ^ (Dft&mSL L I 
fe, 3 5 3 n rn t 2 8 8 n m^^fK^S^rfflO^S - t 
X I »"«>fea*KSrai*i" ; 5 - t WX% Z>„ 
[0 0 6 1] »5K^Ufc^-^=-T^/^a— ^fi, 0. 
0 5 g T i O*/ lOmlKIi/^i'jCKI 
^(Ci^^-fr^ I."^^iiS(i> 8 8 nm<D 

[0 0 6 2] 
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no. 


pH 






M(K) 




1 


4.5 


923 


4 


X 


2 


4.5 


773 


6 


A 


3 


4.5 


773 


4 


C? 


4 


2 


773 


4 


o 


5 


9 


773 


4 


X 


6 


12 


773 


4 


X 


7 


4.5 


673 


48 


A 


8 


4.5 


623 


120 


O 


9 


4.5 


623 


24 


@ 


10 


4.5 


573 


24 




11 


4.5 


473 


24 


o 


12 


4.5 


353 


0 


A 



O : **IT1^6 

a : mmat 

x : 

[QQ67] IH 6 J: o , loffiMwfyfa^' 

LTmt€^^ h^yh^is-t}) VMs (Ce (OnB 

u) o ^ti«twy/p^ 

T/l-^— /l-^^ h^v^P'V— ^ (I PA/MP) O 
^^tCO. 5rnol/kg^^^)J:^«iU £ 
^fCT-fe^/KT-fe (acac) 3r-fcr y A £ <73-=e/U 

[0068] z\<d± y i^Ar/ua^v' km^mm 

M<nik$$&%:, 3 1 3KT\ t!i ^HAHCO^ 
5 BftlC^VWKU 1 0 0^tC3 5 3Kt« 

^-tt-THftfri: Vfz 0 Z<nm4kfc% 7 7 3 

iau-cwH-1 3 1 i-tzv 

[0 0 6 9] 
[^2] 



[0063] ^9~r^j^^—^a^mmmm.WL0> 

*ftUK*^©a»^^ =T«£P (JRC-TIO-4) 
[0064] 473 — 773 v ) , 

Z>ZLb mtm^tit^ mc s 5 7 3Kt24 MrMKiA L 

few i o <o^9=rr-r/ 7~—^m<o*mmmfc 

c-t I o — 4 <t t>3{#*>i£< tt^r iriSflBB^ix 

j-^— -7<om&& %t±? — if t@ (dfe^-r 6 c t s&s r* # 

[0 0 6 5] #®^tt^7k^^pH^«^^ 

(STi- act *q«B £ tiit. 

[0 0 6 6] ^±wr,S:H, r<0tfO^*Wtf>;£ifcte: 

(#§fla0ll4) »3WWl0i:, «*<D?-*:=.r» 
^<7^^^f±/«tttl§p n p ( S T - 0 l ) %j£ttWK 
^LTrfTl5^tLr^5^=r»5|5 (JRC-l, 3, 
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sm 














«# 


13 


Ce(OnBu) 4 


DPA/MP+acac 


LAHC 


Ce0 2 








14 


HfCOnBu) 4 


BuOH+acac 


LAHC 


Hf0 2 






««6 


15 


Sn(OnBu) 4 


BuOH+acac 


LAHC 


Sn0 2 






KIM 7 


16 


ZKOnBu) 4 


BuOH+acac 


LAHC 


ZrO z 






*ftt«8 


17 


Ge(0!Pr) 4 


IPA+acac 


LAHC 


Ge0 2 






*Jftflli> 


18 


Fe(OMP) 4 


MP+acac 


LAHC 


FegOg 




MM 





[0 0 7 0] 1T7 (a) 1 

£\ (b) ki^ftilHnjlktr, (c) fcLWW-l 3<z>«| 

[0 0 7 1] TEMli«, WH3ttt/fa- 



7 s f-AsitA'Y*9*—V (Sri (OnBu) 0 £rjl 
U\ -tWO. 5rnol/kg^y^ (BuOH) 
0>»JR^ Tir^/UTirbV (a c a c) &flbG>*:A> 

ttrc 1 : 1 £ ft 6 J: o {ctiUx.XtzmT/i'^^i/ K*S& 
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(54) METALLIC OXIDE HAVING SHAPE OF NANOTUBE OR NANOWIRE AND METHOD FOR 
PRODUCING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a metallic oxide 
having the shape of a nanotube or a nanowire and a 
large specific area and a method for producing the same, 
and also provide a titanium dioxide in an anatase phase 
which has a high photocatalytic capacity and a high 
specific area due to the shape of a nanotube, and a 
titanium dioxide or the like having a high dye-sensitized 
capacity and an electron transport capacity, and further, 
provide a highly active catalyst or a catalyst carrier, an 
electronic material, an optical material or the like, each 
having a nanotube or nanowire shape. 
SOLUTION: A metallic compound or its organic solvent 
solution and a surfactant are brought into contact with 
water, and subjected to mixing and solidifying, thus 
forming the metallic oxide having a nanotube or nanowire 
shape. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of a metallic oxide which has a nanotube or nanowire form 
contacting metallic compounds or its organic solvent solution, a surface-active agent, and water, 
mixing them, and solidifying. 

[Claim 2]A manufacturing method of a metallic oxide which has the nanotube according to claim 
1 or nanowire form mixing an organic solvent solution of a metal alkoxide, and solution of a 
surface-active agent, water, or a surface-active agent, and solidifying. 

[Claim 3]A manufacturing method of a metallic oxide which ha s the nanotube according to claim 

I or nanowire form mixing water to an organic solution which dissolved a surface-active agent in 
an organic solvent solution of a metal alkoxide, and solidifying to it. 

[Claim 4]A manufacturing method of a metallic oxide in which a metal alkoxide has the nanotube 
according to any one of claims 1 to 3 or nanowire form where an atomic weight is characterized 
by a valence electron number being [ an alkoxide of metal of 4 or a valence electron number ] an 
alkoxide of metal of 3 or more by 30. 

[Claim 5]A manufacturing method of a metallic oxide which has the nanotube according to claim 
4 or nanowire form where a metal alkoxide is characterized by being any one sort in Fe of Ti of 
the valence electron number 4, Ce, Hf, Sn, Zr, germanium, or the valence electron number 3. 
[Claim 6]Two sorts from which a metal alkoxide differs in an alkoxide of metal of the valence 
electron number 4, Or a manufacturing method of a metallic oxide which has the nanotube 
according to any one of claims 1 to 3 or nanowire form being any one sort of the alkoxide of any 
one sort and the valence electron number 3 of an alkoxide of metal of the valence electron 
number 4, or metal of 2 of mixtures. 

[Claim 7]A manufacturing method of a metallic oxide which has a nanotube or nanowire form 
changing the mixture ratio of a metal alkoxide in the manufacturing method according to claim 6. 
[Claim 8]In the manufacturing method according to claim 6 or 7, a metal alkoxide, Two sorts from 
which an alkoxide of Si of the valence electron number 4, Ti, Ce, Hf, Sn, Zr, and germanium 
differs, Or a manufacturing method of a metallic oxide which has a nanotube or nanowire form 
being a mixture with any one sort of alkoxides of Fe of the any one sort and valence electron 
number 3, or Zn of the valence electron number 2. 

[Claim 9]A manufacturing method of a metallic oxide which has the nanotube according to any 
one of claims 1 to 8 or nanowire form where an alkoxyl group of a metal alkoxide is characterized 
by being a bird or a tetraalkoxyl group of the carbon numbers 1-6. 

[Claim 10]A manufacturing method of a metallic oxide which has the nanotube according to any 
one of claims 1 to 9 or nanowire form, wherein an organic solvent is a diketone compound. 
[Claim 1 1]A manufacturing method of a metallic oxide which has the nanotube according to any 
one of claims 1 to 10 or nanowire form where a surface-active agent is characterized by being a 
cationic surfactant. 

[Claim 12]A manufacturing method of a metallic oxide which has the nanotube according to claim 

I I or nanowire form where a cationic surfactant is alkylamine salt. 

[Claim 13]A manufacturing method of a metallic oxide which has the nanotube according to any 
one of claims 1 to 1 2 or nanowire form setting a mole ratio of a metal alkoxide and a surface- 
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active agent to 0.5:1-8:1. 

[Claim 14]A manufacturing method of a metallic oxide which has the nanotube according to any 
one of claims 1 to 13 or nanowire form characterized by solidifying on conditions of 0.1 to 500 
hours at temperature of 283-373K. 

[Claim 15]When a metal alkoxide is a titanium alkoxide, an organic solvent solution of a titanium 
alkoxide and solution of a surface-active agent are mixed and it solidifies in the manufacturing 
method according to any one of claims 4 to 14, A manufacturing method of a titanium dioxide 
which has nanotube form, wherein the pH of solution of a surface-active agent is 2-5 and 
concentration is 0.5 or less mol/l. 

[Claim 16]When a metal alkoxide is a titanium alkoxide, an organic solvent solution of a titanium 
alkoxide and solution of a surface-active agent are mixed and it solidifies in the manufacturing 
method according to any one of claims 4 to 14, A manufacturing method of a titanium dioxide 
which has the nanotube form setting a mole ratio of a titanium alkoxide and a surface-active 
agent to 4:1. 

[Claim 17]When mixing water to an organic solution which a metal alkoxide is a titanium alkoxide 
and dissolved a surface-active agent in an organic solvent solution of a titanium alkoxide in the 
manufacturing method according to any one of claims 4 to 14 and solidifying to it, A 
manufacturing method of a titanium dioxide which has the nanowire form mixing water so that 
H 2 0/Ti may become two or less with a molar fraction. 

[Claim 1 8]When mixing water to an organic solution which a metal alkoxide is a titanium alkoxide 
and dissolved a surface-active agent in an organic solvent solution of a titanium alkoxide in the 
manufacturing method according to any one of claims 4 to 14 and solidifying to it, A 
manufacturing method of a titanium dioxide which has the nanotube form mixing water so that 
H 2 0/Ti may become four or more with a molar fraction. 

[Claim 19] A manufacturing method of a titanium dioxide which has the nanotube form controlling 
wall thickness of a nanotube-shaped titanium dioxide by adjusting H 2 0/Ti with a molar fraction 

four or more in the manufacturing method according to claim 18. 

[Claim 20]A manufacturing method of a metallic oxide which has a nanotube or nanowire form 
performing baking treatment to solidifying material manufactured with a manufacturing method of 
one of Claims 1-19. 

[Claim 21] A manufacturing method of a metallic oxide which has the nanotube form 
characterized by calcinating for 0.5 to 100 hours at temperature of 473-873K when solidifying 
material is a titanium dioxide which has nanotube form in a manufacturing method of Claim 20. 
[Claim 22]A manufacturing method of a metallic oxide which has the nanotube form 
characterized by calcinating for 15 to 24 hours at temperature of 573-623K when solidifying 
material is a titanium dioxide which has nanotube form in a manufacturing method of Claim 21. 
[Claim 23]A manufacturing method of a metallic oxide which has the nanotube form 
characterized by calcinating for 0.5 to 4 hours at temperature of 750-800K when solidifying 
material is a titanium dioxide which has nanotube form in a manufacturing method of Claim 21. 
[Claim 24]A metallic oxide which has a nanotube or nanowire form manufactured by a method of 
one of Claims 1-23. 

[Claim 25]A titanium dioxide which has nanotube form, wherein it is the metallic oxide according 
to claim 24 and photocatalyst activity is a high titanium dioxide. 

[Claim 26]A photocatalyst activity high titanium dioxide which has the mesopore structure in 
which titanium dioxides which have the nanotube form according to claim 25 gathered. 
[Claim 27]A metallic oxide which has a nanotube or nanowire form which is the metallic oxide 
according to claim 24, and is characterized by having high dye sensitizing capability and 
electron-transport-potential power. 

[Claim 28]An electrode for dye-sensitized solar cells using a metallic oxide which has the 
nanotube according to claim 27 or nanowire form. 

[Claim 29]A metallic oxide which has a nanotube or nanowire form which is the metallic oxide 
according to claim 24, and is characterized by using as a catalyst or catalyst support. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Invention of this application relates to the metallic oxide which has a 
nanotube or nanowire form, and its manufacturing method. In more detail, invention of this 
application has a nanotube or nanowire form, and relates to metallic oxides with big specific 
surface area, and those manufacturing methods, moreover — it is a metallic oxide which has a 
nanotube or nanowire form — high — it is related with activity catalyst and catalyst support, an 
electronic industry materialr an opt 
nanotube form, it is high specific surface area, and it relates to the titanium dioxide of a 
photocatalyst activity high anatase phase, the titanium dioxide which has still higher dye 
sensitizing capability and electron-transport-potential power, etc. 
[0002] 

[Description of the Prior Art]Since a titanium dioxide has the outstanding characteristics, such 
as ultraviolet absorbability and adsorptivity, it is used for paints, a paint, a cosmetic, ultraviolet- 
rays interception material, a catalyst, catalyst support, various kinds of electronics materials, 
etc. from before. These days, it has a big interest in the photocatalyst activity which the titanium 
dioxide itself has. Even if photocatalyst activity which was excellent in the titanium dioxide is put 
in practical use for the purpose of disassembly of noxious organic substances, removal of an air 
pollution substance, sterilization, antibacterial properties, etc., it is. 

[0003]About the photocatalyst activity of such a titanium dioxide, it is known that the thing of an 
anatase phase is higher than a rutile phase, and increasing the specific surface area of a titanium 
dioxide is examined as a method of raising the photocatalyst characteristic of a titanium dioxide 
further. For example, many trials, such as considering a titanium dioxide as nano-scale particles 
or a crystal, or considering it as a thin film integrated circuit, tube shape, or a porous body, are 
made. 

[0004] For example, there are a proposal (Japanese Patent Application No. 9-255578) etc. which 
manufacture the titanium dioxide crystal of nanotube form by carrying out alkali treatment of the 
crystalline titanium dioxide powder for the purpose of increase of specific surface area. However, 
in the case of the titanium dioxide proposed until now, specific surface area and photocatalyst 
activity had the problem that it was not what can be satisfied practical. 
[0005]On the other hand, as a nano-scale material in metallic oxides other than a titanium 
dioxide, detailed spherical particles are generally used. However, it can be said that it is more 
effective than spherical particles the shape of a wire and that it is tube shape further as a nano- 
scale metallic oxide used, for example when taking increase of specific surface area into 
consideration. And if a nanotube-shaped thing is realized also about metallic oxides other than a 
titanium dioxide, development in various applied technologies is expectable. However, the 
technology manufactured nano-scale tube shape or in the shape of a wire about almost all 
metallic oxides was not known. 

[0006]Then, invention of this application is made in view of the situation as above, and its 
specific surface area is large, and it makes it problem to provide the titanium dioxide obtained by 
the new method of manufacturing a photocatalyst activity high titanium dioxide, and this method. 
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Invention of this application has a nanotube or nanowire form, and also provides metallic oxides 

with big specific surface area, and those manufacturing methods. 

[0007] 

[Means for solving problem]Then, invention of this application provides invention as follows as 
what solves the above-mentioned problem. 

[0008]That is, first, invention of this application contacts metallic compounds or its organic 
solvent solution, a surface-active agent, and water to the 1st, and provides it with a 
manufacturing method of a metallic oxide which has a nanotube or nanowire form mixing and 
solidifying. 

[0009]Invention of this application an above-mentioned nanotube or nanowire form in a 
manufacturing method of a metallic oxide which it has to the 2nd. A manufacturing method 
mixing an organic solvent solution of a metal alkoxide, and solution of a surface-active agent, 
water, or a surface-active agent, and solidifying to the 3rd. A manufacturing method mixing water 
to an organic solution which dissolved a surface-active agent in an organic solvent solution of a 
metal alkoxide, and solidifying to it is provided. 

[0010]And invention of this application a nanotube or nanowire form of one of the above in a 
manufacturing method of a metallic oxide which it has to the 4th. In a metal alkoxide, an atomic 
weight a manufacturing method, wherein a valence electron number is an alkoxide of metal of 3 
or more by 30 to the 5th. [ an alkoxide of metal of 4, or a valence electron number ] The metal 
alkoxide a manufacturing method being any one sort in Fe of Ti of the valence electron number 
^^TCe, Hf, Sn, Zr, germanium, or the valence electron number 3 to the 6th. T wo sorts from which 
a metal alkoxide differs in an alkoxide of metal of the valence electron number 4, Or a 
manufacturing method being any one sort of the alkoxide of any one sort and the valence 
electron number 3 of an alkoxide of metal of the valence electron number 4, or metal of 2 of 
mixtures to the 7th. A manufacturing method changing the mixture ratio of the metal alkoxide to 
the 8th. A manufacturing method, wherein the metal alkoxide is a mixture with any one sort of 
alkoxides of Fe of two sorts from which an alkoxide of Si of the valence electron number 4, Ti, 
Ce, Hf, Sn, Zr, and germanium differs, or any one sort and the valence electron number 3 of 
those, or Zn of the valence electron number 2 is provided. To the 9th, an alkoxyl group of a 
metal alkoxide a manufacturing method being a bird or a tetraalkoxyl group of the carbon 
numbers 1-6 to the 10th. An organic solvent a manufacturing method being a diketone 
compound to the 1 1th. A surface-active agent a manufacturing method being a cationic 
surfactant to the 12th. The cationic surfactant a manufacturing method which is alkylamine salt 
to the 13th. A manufacturing method solidifying a manufacturing method setting a mole ratio of a 
metal alkoxide and a surface-active agent to 0.5:1-8:1 on conditions of 0.1 to 500 hours with 
temperature of 283-373K to the 14th is provided. 

[001 1]On the other hand, in a manufacturing method of the above 4th thru/or the 14th one of 
invention, invention of this application to the 15th. When a metal alkoxide is a titanium alkoxide, 
an organic solvent solution of a titanium alkoxide and solution of a surface-active agent are 
mixed and it solidifies, A manufacturing method of a titanium dioxide which has the nanotube 
form which the pH of solution of a surface-active agent is 2-5, and is characterized by 
concentration being 0.5 or less mol/l to the 16th. When a metal alkoxide is a titanium alkoxide, an 
organic solvent solution of a titanium alkoxide and solution of a surface-active agent are mixed 
and it solidifies, A manufacturing method of a titanium dioxide which has the nanotube form 
setting a mole ratio of a titanium alkoxide and a surface-active agent to 4:1 to the 17th. When 
mixing water to an organic solution which a metal alkoxide is a titanium alkoxide and dissolved a 
surface-active agent in an organic solvent solution of a titanium alkoxide and solidifying to it, 
About a manufacturing method of a titanium dioxide which has the nanowire form mixing water 
so that H 2 0/Ti may become two or less with a molar fraction, a metal alkoxide is a titanium 

alkoxide the 1 8th, When mixing water to an organic solution which dissolved a surface-active 
agent in an organic solvent solution of a titanium alkoxide and solidifying to it, A manufacturing 
method of a titanium dioxide which has the nanotube form mixing water so that H 2 0/Ti may 

become four or more with a molar fraction to the 1 9th. A manufacturing method of a titanium 
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dioxide which has the nanotube form controlling wall thickness of a nanotube-shaped titanium 
dioxide by adjusting H 2 0/Ti with the molar fraction four or more is provided. 

[0012]In addition, invention of this application provides the 20th with a manufacturing method 
etc. of a metallic oxide which has a nanotube or nanowire form performing baking treatment to 
solidifying material manufactured with a manufacturing method of one of the above. 
[0013]In a manufacturing method of invention of the above 20th, invention of this application to 
the 21st. When solidifying material is a titanium dioxide which has nanotube form, a 
manufacturing method characterized by calcinating for 0.5 to 100 hours at temperature of 473- 
873K to the 22nd. When solidifying material is a titanium dioxide which has nanotube form, a 
manufacturing method characterized by calcinating for 15 to 24 hours at temperature of 573- 
623K to the 23rd. When solidifying material is a titanium dioxide which has nanotube form, a 
manufacturing method of a metallic oxide which has the nanotube form characterized by 
calcinating for 0.5 to 4 hours at temperature of 750-800K is provided. 

[0014]On the other hand, invention of this application provides the 24th with a metallic oxide etc. 
which have a nanotube or nanowire form manufactured by a method of one of the above. And 
invention of this application is the above-mentioned metallic oxide, and to the 25th. To a 
titanium dioxide which has nanotube form, wherein photocatalyst activity is a high titanium 
dioxide, and the 26th. To a high titanium dioxide of photocatalyst activity which has the 
mesopore structure in which titanium dioxides which have the nanotube form gathered, and the 
27th. To a metallic oxide w hich has a nanotube or nanowire form having high dye sensitizing 
capability and electron-transport-potential power, and the 28th. To an electrode for dye- 
sensitized solar cells using a metallic oxide which has the nanotube or nanowire form, and the 
29th. It is a metallic oxide which has a nanotube or nanowire form, and a metallic oxide using as 
a catalyst or catalyst support of high performance are provided. 
[0015] 

[Mode for carrying out the invention]Although invention of this application has the feature as 
above-mentioned, it describes that embodiment below. 

[0016]First, a manufacturing method of a metallic oxide which has a nanotube or nanowire form 
which invention of this application provides is characterized by contacting metallic compounds or 
its organic solvent solution, a surface-active agent, and water, mixing them, and solidifying. 
[001 7]Although solutions changed into hydroxide at a reaction with water, such as a metal 
halogenide and various kinds of metal salt, can be used for metallic compounds as starting 
material, a metal alkoxide is especially recommended as starting material. 

[001 8]If it is considered as this metal alkoxide, in a valence electron number, an alkoxide of metal 
of 4 or a valence electron number can use [ an atomic weight ] an alkoxide of metal of 3 
independently or more by 30. In this case, an oxide of used metal can be manufactured as a thing 
of nanotube form or nanowire form. It is possible to use an alkoxide of two or more sorts of 
metal as a metal alkoxide etc. at one side. In this case, what is necessary is just to use at least 
one sort of alkoxides of metal of the valence electron number 4, For example, combining any one 
sort of the alkoxide of two sorts from which an alkoxide of metal of the valence electron number 
4 differs or any one sort of the alkoxide of metal of the valence electron number 4, the valence 
electron number 3, or metal of 2 etc. is illustrated. When mixing and using two or more sorts of 
alkoxides, not a mixture of each metallic oxide manufactured in the above independent systems 
but a used metaled multiple oxide can be manufactured as a thing of nanotube form or nanowire 
form. Specifically, in Si of 4, Ti, Ce, Hf, Sn, Zr, germanium, and a valence electron number, Fe or 
a valence electron number of 3 can illustrate [ a valence electron number ] Zn of 2, etc. as such 
a metallic element M, for example. About an atomic weight using Si of 28 independently by 4, and 
a valence electron number manufacturing nanotube-shaped silica (Si0 2 ), since it is already 

supposed by inventors of this application that it is publicly known, in invention of this application, 
it has not been considered as an object. 

[001 9]When a metallic element is set to M and they set an alkoxyl group to OR, various kinds of 
things expressed as a general formula, M(OR) 4 , M(OR) 3 , and M(OR) 2 can be used for these 

metal alkoxides. It is preferred that it may be an alkyl group of the carbon numbers 1-25, etc., 
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and they are low-grade alkyl groups, such as the methyl group of the carbon numbers 1-6, an 
ethyl group, a propyl group, an isopropyl group, a butyl group, and an isobutyl group, especially as 
the organic group R which constitutes alkoxyl group OR, for example. These may be the same or 
may differ. In invention of this application, the organic group R is the same, for example, it is 
shown as a desirable example that it is the bird or tetraalkoxyl group of the carbon numbers 1-6. 
More specifically, using Ti(OiPr) 4 , Ce(OnBu) 4 , Hf(OnBu) 4 , and Fe(OCH(CH 3 ) CH 2 OCH 3 ) 3 etc. 

is illustrated as a metal alkoxide, for example. Since the reactivity of hydrolysis will become low 
too much if too large, the carbon number of an alkoxyl group is not preferred. 
[0020]Using alcohol, a polydentate ligand compound, etc. is illustrated as an organic solvent 
which dissolves the above-mentioned metal alkoxide. As a polydentate ligand compound, 
diketone compounds, such as a biacetyl, benzyl, and an acetylacetone, are shown as a suitable 
example, for example. It is preferred to use an acetylacetone especially. These polydentate 
ligand compounds may be used independently, and it may mix with alcohol, such as isopropyl 
alcohol, methoxy propanol, and butanol, and they may be used, the inside of this organic solvent 
— a metal alkoxide — a mole ratio — as an organic solvent:metal alkoxide — 5:1 to 1:1.5 — it is 
made to dissolve more preferably, so that it may become 1:1 or the neighborhood of those An 
alkoxide is stabilized in this metal alkoxide solution, and the speed regulation of a next hydrolysis 
reaction becomes easy. 

[0021 ]A surface-active agent bears a role very important for formation of characteristic 

nanotube form or nanowire form in the metallic oxide of invention of this application. As this 

surface-active agent, although various kinds of things can be chosen, a cationic surfactant can 
be used conveniently. Especially, it is preferred to use alkylamine salt. For example, the 
alkylamine salt as the 1st class amine of the carbon numbers 8-20, etc. are illustrated. More 
specifically, it is lauryl amine salt acid chloride etc., for example. 

[0022]In invention of this application, although an organic solvent solution of the above- 
mentioned metal alkoxide, a surface-active agent, and water are contacted and are mixed and 
solidified, the following two kinds can be taken into consideration as that means. One is the 
method of mixing an organic solvent solution of a metal alkoxide, and solution of a surface-active 
agent first. And another is the method of mixing water to an organic solution which dissolved a 
surface-active agent in an organic solvent solution of a metal alkoxide. 

[0023]Thus, in a mixed solution adjusted, a metal alkoxide and a surface-active agent show the 
following actions respectively, about a metal alkoxide, the (a) hydrolysis reaction and a 
polycondensation reaction advance — sol — or it gels and a metallic oxide is formed. A solid 
body can be obtained because this sol or gel solidifies. About a surface-active agent, the (b) 
molecular assembly is formed so that free energy may serve as the minimum in a mixed solution. 
This molecular assembly serves as a globular form, when a canal part of a surface-active agent 
is small, when a canal part is large, it serves as plate-like [ of lamella structure ], and when sizes 
of a canal part are these middle, it turns into a cylindrical aggregate. And when a metal alkoxide 
and a surface-active agent contact, (c) metal ion adheres to a hydrophilic part of a surface- 
active agent, and forms a complex. In a method of this invention, form of a metallic oxide 
obtained will be determined by which [ more than / three ] act on dominance. 
[0024]That is, if one molecule of surface-active agents and a complex in which one molecule of 
a metal alkoxide corresponded are formed first for example, balance of a canal part of a surface- 
active agent and a hydrophilic part will collapse, and a surface-active agent will serve as a 
cylindrical aggregate centering on a canal part. And it is thought by a polycondensation reaction 
of a metal alkoxide advancing in the surface of this rod-like structure succeedingly that a tube- 
shaped metallic oxide is formed. 

[0025]If a polycondensation reaction of the hydrolyzed metal alkoxides precedes by one side, a 
metallic oxide of particle state will be formed first. And in order for a surface-active agent to 
stick to a specific field with formed particles selectively and to bar growth of the field, it is 
thought that a field without adsorption of particles or few fields grow, and a nanowire-shaped 
metallic oxide is formed. Thus, by which is the most superior among an alkoxide, complex 
formation of a surface-active agent, and a polymerization reaction of a hydrolyzed alkoxide. Form 
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of a metallic oxide obtained by dividing whether an alkoxide makes an organization of a surface- 
active agent and a cylindrical shape or particles are formed by alkoxides will be determined as a 
nanotube or nanowire form. A granular constituent may be contained in these metallic oxides. 
[0026]Since control of form of a metallic oxide obtained differs with target every metal, cannot 
generally say it, but when a metal alkoxide is a titanium alkoxide, for example, A nanotube- 
shaped titanium dioxide can be obtained by adopting a method of mixing an organic solvent 
solution of a metal alkoxide, and solution of a surface-active agent as a means of mixing of a 
titanium alkoxide, a surface-active agent, and water. In this case, as for solution of a surface- 
active agent, it is preferred that pH uses solution which adjusted 2-5, and concentration to 0.5 
or less mol/l, and stabilized pH more suitably although 0-12, and concentration should just be 2 
or less mol/l. When adjusting pH, chloride, sodium hydroxide, etc. can be used, for example. 
[0027]About a method of dissolving a surface-active agent in one organic solvent solution of a 
titanium alkoxide, and subsequently mixing water. A titanium dioxide which has nanowire form 
can be obtained by adjusting quantity of water mixed to an organic solution which dissolved a 
surface-active agent in an organic solvent solution of a metal alkoxide so that H 2 0/Ti may 

become 2 or less and a minute amount with a molar fraction. A nanotube-shaped titanium 
dioxide can be obtained by making quantity of water mixed to an organic solution H 2 0/Ti 

become four or more with a molar fraction. Furthermore, in [ or more 4 ] about [ 8 or less ], 
H 2 0/Ti can increase wall thickness of a nanotube-shaped titanium dioxide as it makes quantity 

of water to mixlncrease. 

[0028]In mixing of the above metal alkoxide, a surface-active agent, and water, the mixture ratio 
of a metal alkoxide and a surface-active agent affects advance of a reaction, and solidification 
time of a mixed solution, in invention of this application — a mole ratio of a metal alkoxide and a 
surface-active agent — as a metal alkoxide:surface-active agent — 0.1:1-30:1 — it can take 
into consideration in 0.5:1-8:1 more preferably. For example, if a metal alkoxide is a titanium 
alkoxide and a case where a method of mixing a surface-active agent as solution is adopted is 
concretely explained to an example, A mole ratio can manufacture a titania nanotube suitably in 
0.5:1-16:1, when there are many ratios of a titanium alkoxide, time is taken, and when there are 
few ratios of a titanium alkoxide, quantity of a titania nanotube obtained decreases. When these 
are taken into consideration, it is efficient to set a mole ratio of a titanium alkoxide and a 
surface-active agent to 3:1-5:1, it is preferred, and mixing so that it may become 4:1 or the 
neighborhood of those is shown as optimal example. Thus, inconvenience, such as the mixture 
ratio not being outside a mentioned range, and advance of hydrolysis and a polycondensation 
reaction being too quick, and a homogeneous solid body not being obtained, if there is too much 
water, or taking time of solidification too much conversely, may arise. 

[0029]Specifically in the method of invention this application, the surface-active agent which 
exists in the solidified body of the manufactured metallic oxide is removable by washing with 
alcohol, such as isopropyl alcohol, THF, dioxane, etc., for example. 

[0030]The solidified body generated by the solidification reaction or as aforementioned, about 
the solidified body which washed with alcohol etc. and removed the surface-active agent, it may 
be air-dried thru/or air-dried, or stoving in the usual meaning may be performed. Therefore, 
these desiccation is included by "solidification" in the method of this invention. 
[0031] And in invention of this application, it is 283-373K and is made to make the conditions of 
solidification into 0.1 to 500 hours. As for the reaction of the metal alkoxide in a mixed solution, 
and a surface-active agent, by a metaled kind and various kinds of conditions, in order to change 
variously, as for the degree of completion, considering it as 0.5 to 300 hours by 313-373K is 
illustrated as conditions for more suitable solidification. When metal is Ti, Zr, or Hf for example, 
specifically, it is desirable 333-373K, and to consider it as 24 hours by 353K more suitably. When 
metal is Ce, it is desirable to consider it as about 0.5 hour by 333-373K 313-353K for about 240 
hours in the case of Sn or germanium. In this invention, the oxide of the above-mentioned metal 
can be manufactured in nanotube form or nanowire form also as a multiple oxide not only as an 
independent oxide. The multiple oxide in this case has a different crystal structure from the 
crystal structure of the metallic oxide obtained by an independent system, respectively. In the 
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crystal structure of an independent metallic oxide, this is considered to be a crystal structure 
acquired by changing in the metallic element being replaced by other metallic elements. Below as 
for 373K, the method of invention this application is made still more possible [ also realizing at 
353K or less low temperature ] in change of such a crystal structure. By this, the metallic oxide 
which has a nanotube or nanowire form can be obtained more efficiently. 

[0032]A manufacturing method of a metallic oxide which has a nanotube or nanowire form which 
the 16th thru/or invention of the 19th of this application provides is characterized by performing 
baking treatment to a solid obtained by solidification in invention of one of the above. That is, 
although a metallic oxide of a nanotube obtained by solidification or nanowire form is obtained as 
a crystal, even if an amorphous phase is intermingled in inside, it is in it. Therefore, baking 
treatment is performed and an amorphous phase is transferred to a crystal. 
[0033] For example, when a titanium alkoxide is used as a metal alkoxide, although a titanium 
dioxide of nanotube form as a solidified body obtained by an above-mentioned method is mainly 
obtained as an anatase phase, even if an amorphous phase is intermingled in inside, it is in it. 
Therefore, transferring an amorphous phase of a nanotube-shaped titanium dioxide to an anatase 
phase is shown by 473-873K by performing baking treatment of 0.5 to 100 hours. In this case, if 
baking treatment temperature becomes lower than about 473K, since transition to an anatase 
phase from an amorphous phase does not take place easily, it is not desirable. If baking 
treatment temperature becomes higher than about 873K, it is not desirable in order to transfer 
from an anatase phase to a rutile phase further. Even if it is in a mentione d range, hot and 
prolonged baking treatment may not be preferredTDesirably, 15 to 24 hours L give U75r to 4 hours 
by 24 hours, or 750-80GK, and ], for example, perform baking treatment, such as 3 etc. hours, by 
600K 773K, are shown by 573-623K. By this, a crystalline form of a titanium dioxide can be 
efficiently transferred from an amorphous phase to an anatase phase. That is, it becomes 
possible to realize a titanium dioxide of nanotube form where optical activity was more excellent. 

[0034]The metallic oxide which the 24th thru/or invention of the 27th of this application 
provides is manufactured by the method of one of the above, and has a nanotube or nanowire 
form. This metallic oxide as a metal alkoxide of the charge of a start material when 4 or a 
valence electron number uses the alkoxide of one metal of 3 independently or more by 30 in a 
valence electron number, an atomic weight, The oxide of an independent system of the metal 
can be obtained as a thing of nanotube form or nanowire form. As a metal alkoxide, when two or 
more sorts of metal alkoxides are used, not the mixture of the metallic oxide obtained in each 
independent system but the multiple oxide of these metal can be obtained as a thing of nanotube 
form or nanowire form. It being characteristic in the metallic oxide in this case is having a crystal 
structure which is not seen in the metallic oxide obtained by each independent system. 
[0035]The metallic oxide of the above invention of this application has characteristic form called 
a nanotube or nanowire, its surface area is large, and a size is a minute crystal of nano size. 
Especially, the titanium dioxide which has the nanotube form which the 25th invention of this 
application provides is characterized by specific surface area becoming large from an anatase 
phase with the high activity of a photocatalyst for that nanotube form. The titanium dioxide 
which invention of the 26th of this application provides has the mesopore structure in which 
those nanotube objects gathered, and is characterized by the activity of a photocatalyst being 
still higher. That is, the titanium dioxide which has the nanotube form manufactured by the 
method of invention this application, and its aggregate have dramatically large specific surface 
area compared with a powdered titanium dioxide crystal, and since they are an anatase phase, 
they show high photocatalyst activity. By using these, a photocatalyst activity material useful as 
functional materials, such as decomposition of harmful gas, removal of air pollution, sterilization, 
and antibacterial properties, is provided. 

[0036]A titanium dioxide which has the nanotube form which invention of this application 
provides is characterized by having high dye sensitizing capability and electron-transport- 
potential power, and it becomes possible to use it as electrode materials, such as a solar cell. 
For example, in a dye-sensitized solar cell, on a conductive thin film of glass with a conductive 
thin film, apply a titanium dioxide which has the nanotube form of invention of this application, 
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and a titania layer is formed, It is made possible to raise photoelectric conversion efficiency at 
the time of transforming sunlight energy into electrical energy with making the titania layer 
support a pigment and constituting a titania electrode. 

[0037]When an alkoxide of tin is used as a metal alkoxide, tin oxide (Sn0 2 ) is obtained as a 

metallic oxide. Tin oxide attracts attention as an efficient film formation material which changes 
to a titania film which is recently an electrode material of wet photovoltaics, and tin oxide of the 
shape of nanowire provided by invention of this application can expect use as what has the form 
optimal as that film constitution material. 

[0038] Nanowire which was excellent in the electron transport characteristic, for example is 
manufactured from the above-mentioned titanium dioxide, diacid-ized tin, etc. showing a 
semiconductor characteristic, and material which has a rectifying characteristic like a transistor 
is realized by operating a point of contact of two nanowire of a different kind as pn junction. 
[0039]When a caesium alkoxide is used as a metal alkoxide, a ceria (Ce0 2 ) is obtained as a 

metallic oxide. A ceria is a material in which the use as the efficient catalyst in automobile 
exhaust processing of NO x etc., general oxidation and reduction catalyst, a catalyst that takes 

out hydrogen from methane of the fuel cell which attracts attention as next-generation energy 
further, etc. is expected. For example, big specific surface area is obtained and the ceria of the 
nanotube form of invention of this application is useful as functional materials, such as such an 
oxidation reduction catalyst. In addition, the oxidation reduction catalyst which was more 
excellent in doping elements, srelTWxropT>~e^ — — 
[0040]By using that capillary condensation operation, the metallic oxide which has the nanotube 
form manufactured by invention of this application besides what was illustrated in detail as 
mentioned above will provide with and have a function which carries out adsorption treatment of 
a little ingredients in the gaseous phase, and can apply it as a deodorizer etc., for example. 
Application of giving hydrogen absorption capability etc. is also expected by embellishing the wall. 

[0041 ]If a nano-scale material is arranged regularly, since the wavelength changing of light will 
start, the metallic oxide of the nanotube form of invention of this application or nanowire form 
can also be used as a non-linear optical material. The use as various optical materials as a color 
material by the optical property which this metallic oxide itself has, such as use, is also possible. 
Thus, the various application based on various kinds of characteristics, such as electron 
conductivity, magnetism, an optical property, and the chemical catalyzer characteristic, is 
expected with the metallic oxide of the nanotube form of invention of this application, or 
nanowire form. 

[0042]An working example is hereafter shown over the attached Drawings, and it explains in 

more detail about this embodiment of the invention. 

[0043] 

[Working example](Working example 1) As a titanium alkoxide, the acetylacetone (acac) was used 
as an organic solvent, lauryl amine salt acid chloride (LAHC) was used for tetraisopropyl 
alt.titanate (TIPT) as a surface-active agent, and the titania nanotube was produced. 
[0044]acac and TIPT were mixed by the mole ratio 1:1, and it was considered as the TIPT 
solution. LAHC was adjusted to 0.1 M and taken as LAHC solution. The pH of this LAHC solution 
was set to 4.5. 

[0045]A TIPT solution and LAHC solution were mixed by the mole ratio 4:1, hydrolysis and a 
polycondensation reaction were advanced by 353K, and it was considered as the solid. The 
mixed solution of a TIPT solution and LAHC solution changed as follows. 

[0046]Although it was a transparent yellow liquid before the reaction, the mixed solution became 
gel 2 hours after the reaction start, and, 3 to 4 hours afterward, became sol-like again. About 24 
hours afterward, the moisture of a solution was lost and it became a gelatinous sludge which has 
a thin transparent supernatant layer. Maintaining a state as it is was checked till 72 hours after 
that. 

[0047]The characteristic of the titania nanotube obtained in the mixed solution was investigated 
by X-ray small angle scattering (SAXS). The result of having measured the state of the mixed 
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solution of 1 hour, 3 hours, and 25 hours after from the reaction start by SAXS to drawing 1 a 
was shown. The alphabet D in a figure, D jt and L show the outer diameter of a titania nanotube, 

an inside diameter, and length, respectively, e. d is a parameter about electron density 
distribution when a coaxial double cylinder is assumed. 
It is expressed with (rho2-rho1)/(rho2-rhos). 

Here, rhos, rho 1, and rho 2 show the electron density of the water as a solvent, an internal core, 
and hydrophilic husks, respectively. 

[0048]The spherical aggregate was observed in the inside which diluted LAHC solution before 
adding JIPT to 0.1 M. However, 1 hour after adding TIPT and making hydrolysis and a 
polycondensation reaction start, it was checked that the with 4.4 nm in inside diameter and an 
outer diameter of 6.8 nm cylindrical aggregate is formed into a mixed solution. Although form 
called a cylinder was maintained among measuring time, while the cylindrical length had been 
maintained, it was checked in 3 to 25 hours after a reaction start that a cylindrical path becomes 
large. And the form of a cylindrical output 25 hours after a reaction start was 6.9 nm in inside 
diameter, 9.3 nm in outer diameter, and 35 nm in length. 

[0049]When inventors of this application made a silica nanotube form by using a surface-active 
agent as a mold, the length of a silica nanotube cylinder increased with reaction time, and a 
diameter was constant and did not change. It was checked that characteristic points at the time 
of a nanotube object being formed completely differ with a titania nanotube and a silica nanotube 
in spite of having taken same technique of making a nanotube object form by using a surface- 
active agent as a mold. 

[0Q50]As another characteristic point, thickness of a titania nanotube wall was always about 1.2 
nm, even if a cylindrical diameter changed. Then, change of what was not looked at by SAXS 
pattern of a reaction solution till 48 hours, either. Therefore, a result of SAXS measurement 48 
hours and 72 hours after to fractal analysis was conducted from a reaction start, and the result 
was shown in drawing 1 b. 

[0051 ]It is shown that a solid in which inclination has the surface smooth in this although a 
fractal dimension of -4 was obtained was formed about a solution sample of 48 hours and 72 
hours after. The characteristic length of this smooth surface was 9 nm. A fractal dimension of a 
range whose characteristic length of a smooth surface is longer than 9 nm is -2.7, and this value 
is a value seen only when a cluster and a monomer condense by a diffusion limitation, and it is in 
agreement with gel remelting to a solution. 

[0052]It was checked that mix a titanium alkoxide solution and the solution of a surface-active 
agent, and a titania nanotube is obtained from the above thing by making it solidify. 
(Working example 2) In working example 1, what dried the gelatinous sludge 48 hours after a 
reaction start was made into the sample A. What was calcinated by 623K and 773K was made 
into the sample B and the sample C, respectively. 

Fractal analysis was conducted about <1> sample A-C. The result was combined with drawing 1 
b, and was shown. 

[0053]The analysis result of the dried sample A was in agreement with the analysis result of the 
sample 48 hours after a reaction start. From the analysis result of the sample B and the sample 
C calcinated by 623K and 773K, it turned out that the field of a smooth solid phase surface is 
increasing even to about 1 6 nm. This shows that the titania nanotube formed floe by calcination. 
[0054]The transmission electron microscope (TEM) image of the dried sample A was shown in 
dr awing 2 a. It was checked that the nanotube object of a simple substance exists in the dried 
sample A. The diameter of this nanotube object was about 12 nm, and length was about 250 nm. 
[0055]A TEM image of the sample C calcinated by 773K was shown in drawing 2 b. It was 
checked that an about 50-300-nm-long random titania nanotube of form exists in the sample C 
as a simple substance or an aggregate at 6.5-16 nm in diameter. As for a titania nanotube which 
exists as a simple substance, form had been checked for a long time also. It is thought that the 
nanotube object with a large diameter can gather and do a nanotube whose most is a simple 
substance. 

[0056]These TEM images show well that a shaft part of a center of one nanotube object is white, 
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the both ends appear black, and tube form is formed. A scanning electron microscope (SEM) 
image of the sample C calcinated by 773K was shown in drawing 2 c. Also from a SEM image, it 
was checked that a nano size tube body of a titania is formed. 

A result of an X diffraction (XRD) of the sample A and the sample C was shown in <2> drawin g 3. 
A sign in a figure: ** shows a diffraction peak of an anatase phase. From a XRD pattern, it was 
checked that a crystal structure of a titania nanotube of the sample A and the sample C is an 
anatase phase. Although diffraction peak width of the sample A had breadth, it turned out that a 
peak of the sample C is sharp. That is, calcination by 773K showed that a portion of an 
amorphous phase in a titania nanotube transferred to an anatase phase. 

<3> A nitrogen absorption constant temperature line by a BET adsorption method of the sample 
B calcinated by 623K was shown in drawing 4 a. - in a figure shows an adsorption process of 
nitrogen, and O shows a desorption process of nitrogen. It was checked from a hysteresis of 
adsorption isotherm that the sample B is a MEZOPORASU structure. Specific surface area of 
the sample B is 1 15m 2 /g, and a BET adsorption method showed that hole volume was 0.243 
ml/g. 

[0057]Hole diameter distribution of this sample B was searched for by the Dollimore & Heal 
method, and that result was shown in d rawing 4 b. A distribution peak of a hole radius observed 
in the sample B was 2.65-3.60 nm. It turned out that these diameters of a hole peak are an 
inside diameter of a titania nanotube obtained from a TEM image shown in drawing 2 b, and a 
near value. 

[0058] From the above thing, it was checked by calcinating a titania nanotube that a crystal 
structure transfers to an anatase phase and that a titania of a MEZOPORASU structure is 
formed. 

(Working example 3) Isopropyl alcohol washed a gelatinous sludge obtained in working example 1, 
a surface-active agent was removed, and an agate mortar ground. 

[0059]This was calcinated on conditions shown in Table 1, and the photoactive catalyst 
performance was evaluated. However, the samples 4-6 adjusted the pH of solution of a surface- 
active agent using HCI or NaOH. 

[0060]Measuring a generation rate of I 3 " at a time of using a magnetic stirrer and making a 
powdered titania nanotube suspend in KI solution estimated evaluation of photoactive catalyst 
performance of a titania nanotube. I 3 " is generated by the reaction of 21 " ->I 2 +2e and I 2 +I " ->I 3 

" , when KI solution is irradiated with ultraviolet rays with a wavelength of 365 nm. That is, 
generation of I 3 " will be promoted, so that a titania nanotube shows high optical activity. 

Although I 3 " has wavelength of 353 nm, and the big extinction to 288 nm, since I 2 and I " do not 
absorb such lights, a generation rate of I 3 " can be measured by measuring an absorbance of 353 
nm and 288-nm light. 

[006 1]A powdered titania nanotube was made to suspend in KI solution so that it may be set to 
0.05gTiO 2 /10mlKI. A generation rate of I 3 " was obtained by measuring an absorbance with a 

wavelength of 288 nm. 

[0062] 

[Table 1] 
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[0063]Evaluation of the photoactive catalyst performance of a titania nanotube was also united, 
and was described in Table 1. About the samples 1, 2, 7, 8, and 9, the result of measurement of 
an absorbance was shown in d rawing 5 with the standard titania particles (JRC-TIO-4) of the 
NIPPON SHOKUBAI society. 

[0064]It was checked by the suitable calcination by 473-773K that the photoactive catalyst 
performance of titania nanotube powder is improved. In particular, the photoactive catalyst 
performance of the titania nanotube powder of the sample 10 calcinated for 24 hours is most 

excellent in 573K, and it was checked that the oxidation rate of I 3 ~ becomes quick also 3 times 

rather than JRC-TIO-4 of a standard sample. This is considered to be because for the crystal 
phase of the titania nanotube to have been transferred to the anatase phase by that specific 
surface area was expanded since it had nanotube form, and suitable baking treatment. 
[0065]When the pH of the solution of a surface-active agent was acidity, the big change to the 
photocatalyst activity of titania nanotube powder was not seen, but when pH was made into 
alkalinity, it was checked that the photocatalyst activity of titania nanotube powder falls 
remarkably. 

[0066] From the above thing, by the method of invention this application, specific surface area 
was large and it was checked that the highly efficient nature titania nanotube of the outstanding 
crystal property is manufactured. 

(Working example 4) Photocatalyst activity evaluation was performed for the sample 1 0 of the 
working example 3, the Takamitsu activity catalyst performance article (ST-01) of the 
conventional titania powder, and the titania powder (JRC-1, 3, 4) marketed as a photoactive 
catalyst like the working example 3. The result was shown in draw ing 6. 

[0067] Having photocatalyst activity higher than the titania powder which has the photocatalyst 
activity of the former [ titanium dioxide / which has the nanotube form of invention of this 
application from drawing 6 / titania powder / commercial ] from the first was checked. 
(Working example 5) As shown in Table 2, dark-brown tetrabutoxycerium (Ce(OnBu) 4 ) is used as 

a metal alkoxide, This was dissolved so that it might become isopropyl alcohol as an organic 
solvent, and a mixed solution of methoxy propanol (IPA/MP) in kg and 0.5 mol /, further, the 
acetylacetone (acac) was added so that it might be set to 1:1 by a mole ratio with cerium, and 
the cerium alkoxide solution was adjusted. When the acetylacetone was added, the blacking wash 
of the solution increased. This was adjusted to the solution of 0.1 M, using lauryl amine salt acid 
chloride (LAHC) as a surface-active agent. 

[0068]By 31 3K, this cerium alkoxide solution and the solution of the surface-active agent were 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 201 1 /06/1 6 



JP,2003-034531,A [DETAILED DESCRIPTION] 



11/19 s<— v 



mixed so that the mole ratio of cerium and LAHC might be set to 8:1. Even if it mixed, it was still 
liquefied, but when this mixed solution was made to react by 353K after that, it was gelled five 
days afterward, and ten days afterward, it was made to dry by 353K and it was used as the 
solidified body. This solidified body was calcinated by 773K for 4 hours, and it was considered as 
the sample 13. 



;0069] 
Table 2] 
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[0070]The nitrogen absorption constant temperature line was shown in (b), and the XRD result 
before and behind calcination of the sample 13 was shown for the result of the TEM observation 
of the sample 1 3 in drawing 7 (a) at (c). The result was briefly shown in Table 2. 

particles generate the sample 13. A TEM image shows signs that 12 nm in diameter and an about 
[ length 75nm ] nanotube form independently. From the result of XRD, it was checked that the 
sample 13 is a cubic cerium dioxide (Ce0 2 ). Although crystallization was seen also about the 

sample before the dried calcination, it turned out that crystallization advances remarkably by 
calcination. Since it was classified into 4 types of IUPAC and the hysteresis was also seen, the 
nitrogen absorption constant temperature line of this sample 13 showed that a mesopore existed 

in the sample 13, and became what supports the result of TEM observation, it was 50m 2 /g, and 
the BET specific surface area was boiled markedly and was larger than the value 1m 2 /g of 
commercial ceria (Ce0 2 ) particles. 

(Working example 6) As for colorless transparence, tetrabutoxyhafnium (Hf(0nBu) 4 ) uses as a 

metal alkoxide, This was dissolved so that it might become a butanol (BuOH) solution as an 
organic solvent with 0.5 mol/kg, further, the acetylacetone (acac) was added so that it might be 
set to 1:1 by a mole ratio with hafnium, and the hafnium alkoxide solution was adjusted. This 
solution became yellow when the acetylacetone was added. By 31 3K, in addition, this solution 
and 0.1 M lauryl amine salt acid chloride (LAHC) solution were mixed so that the mole ratio of 
hafnium and LAHC might be set to 8:1. The mixed solution became cloudy. 

[0072]Then, when it was made to react by 353K, it gelled 2 to 3 hours afterward, it took out one 
day afterward, dried by 353K, and was considered as the solidified body. Then, this solidified body 
was calcinated by 773K for 4 hours, and it was considered as the sample 14. 
[0073]The result of the TEM observation of the sample 14 and the electron diffraction image 
were shown in drawing 8 (a) and (b), and the XRD result before and behind calcination of the 
sample 14 was shown in (c). The result was briefly shown in said table 2. 

[0074] Formation of 15 nm in diameter and an about [ length 300nm ] independent nanotube was 
looked at by the sample 14 as a result of TEM observation. From the result of XRD, it was 
checked that the sample 14 is monoclinic diacidHzed hafnium (Hf0 2 ).AIthough the sample 14 was 

an amorphous state at the time of desiccation, it turned out that crystallization advances 
remarkably by calcination. 

(Working example 7) Tetrabuthyl alt.SUTANETO (Sn(OnBu) 4 ) of yellow transparence is used as 

a metal alkoxide, The Sn alkoxide solution which was adding the acetylacetone (acac) to the 
solution of butanol (BuOH) of the 0.5 mol/kg so that it might be set to 1:1 by a mole ratio with 
tin was adjusted. Even if this solution added the acetylacetone, it was yellow. It became white 
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and this solution and 0.1M lauryl amine salt acid chloride (LAHC) solution were gelled, when it 
mixed in addition by 31 3K so that the mole ratio of tin and LAHC might be set to 8:1. Then, it 
took out, after making it react by 353K for four days, and it dried by 353K. Then, it calcinated by 
773K for 4 hours, and was considered as the sample 15. 

[0075]The XRD result before and behind calcination of the sample 15 was shown in (c), and the 
nitrogen absorption constant temperature line of the sample 15 was shown for the result of the 
TEM observation of the sample 15, and the electron diffraction image in drawing 9 (a) and (b) at 
(d). The result was briefly shown in said table 2. 

[0076]The TEM image showed that nanowire a small amount of particles, 15-30 nm in diameter, 
and about 300-600 nm in length formed the sample 15. From the result of an electron diffraction 
image and XRD, it was checked that these particles and nanowire are the tin dioxides (Sn0 2 ) of 

Although the sample 15 was an amorphous state at the time of desiccation, it also 
understood that crystallization advanced remarkably by calcination. The adsorption isotherm of 
the sample 15 was the result of being classified into 2 types of IUPAC and agreeing with the wire 

9 

form of a TEM image. The BET specific surface area was 50mVg. 

(Working example 8) Water-white tetra butoxyzirconium (Zr(OnBu) 4 ) is used as a metal alkoxide, 

The acetylacetone (acac) was added to the solution of butanol (BuOH) of the 0.5 mol/kg so that 
it might be set to 1:1 by a mole ratio with a zirconium, and the zirconium alkoxide solution was 
adjusted to it. Even if this solution added the acetylacetone, it was yellow. It became cloudy, 
when ini^riauryl amine salt acid chloride (LAHC) solution was mixed with thte^wltrtfoi^^ 
by 31 3K so that the mole ratio of a zirconium and LAHC might be set to 8:1. When this mixed 
solution was made to react by 353K, after having gelled 2 to 3 hours afterward, taking out one 
day afterward and drying by 353K, it calcinated by 773K for 4 hours, and was considered as the 
sample 16. 

[0077]The result of the TEM observation of the sample 16 and the electron diffraction image 
were shown in drawing 10 (a) and (b), and the XRD result before and behind calcination of the 
sample 1 6 was shown in (c). The result was briefly shown in said table 2. 

[0078] Formation of 25 nm in diameter and about [ length 500nm ] nanowire was checked from 
the TEM image by the sample 16. The result of an electron diffraction image and XRD showed 
that this nanowire was a cubic zirconium dioxide (Zr0 2 ). Although the sample 16 was an 

amorphous state at the time of desiccation, it turned out that crystallization advances 
remarkably by calcination. 

(Working example 9) Water-white tetraisopropyl alt.GERUMANETO (germanium(OiPr) 4 ) is used 

as a metal alkoxide, The acetylacetone (acac) was added to the 0.5 mol/kg of isopropyl alcohol 
(IPA) solution so that it might be set to 1:1 by a mole ratio with germanium, and the germanium 
alkoxide solution was adjusted. This solution was still water-white. Shortly after mixing in 
addition by 31 3K so that the mole ratio of germanium and LAHC might be set to 8:1, white 
precipitate generated this solution and 0.1 M lauryl amine salt acid chloride (LAHC) solution. 
Then, after making it react for three days by 353K, it was made to dry, and it calcinated by 773K 
for 4 hours, and was considered as the sample 1 7. 

[0079]The XRD result before and behind calcination of the sample 17 was shown in (c), and the 
nitrogen absorption constant temperature line was shown for the TEM image and electron 
diffraction image of the sample 17 in drawing 1 1 (a) and (b) at (d). Formation of 20-100 nm in 
diameter and about 500-800 nm in length nanowire was seen as a result of the TEM observation 
of the sample 1 7. The result of electron diffraction and XRD showed that nanowire was 
hexagonal diacid-ized germanium (Ge0 2 ). It turned out that crystallization of the sample 1 7 has 

already taken place in the stage of desiccation before calcination. The adsorption isotherm of 
the sample 1 7 was a typical curve classified into 2 types of IUPAC, showed that the sample 1 7 
was nanowire form, and agreed with the result of TEM observation. 

(Working example 10) Brown trimethoxy propanol alt/ferrate (Fe(OMP) 3 ) is used as a metal 
alkoxide, The iron alkoxide solution which added the acetylacetone (acac) to methoxy propanol 
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(MP) solution of the 0.5 mol/kg so that it might be set to 1:1 by a mole ratio with iron was 
adjusted. This solution was still brown. By 31 3K, this solution and 0.1 M lauryl amine salt acid 
chloride (LAHC) solution were added so that the mole ratio of iron and LAHC might be set to 
8:1. The mixed solution became black. When it was made to react for three days by 353K, it was 
observed that dark-brown precipitate deposits and contracts in the lower part after [ of a 
reaction ] one day. After drying this thing, it calcinated by 773K for 4 hours, and was considered 
as the sample 18. 

[0080]The result of XRD was shown for the TEM image and electron diffraction image of the 
sample 18 in drawing 12 (a) and (b) at (c). Formation of 30-50 nm in diameter and 100-300 nm in 
length nanowire was checked from the TEM image. From the result of electron diffraction and 
XRD, it was checked that nanowire is the hematite (Fe 2 0 3 ) of ********. It turned out that 

crystallization of the sample 18 has already taken place in the stage of desiccation. Crystal 
structures other than ******** we re lost by calcination, and becoming a perfect crystal was 
shown. 

(Working example 1 1) As a charge of a start material, two kinds of metal alkoxides, 
tetrabutoxyhafnium and tetra butoxyzirconium, which are alkoxides of the metal of the valence 
electron number 4 were used. In first, the solution of butanol (BuOH) of 0.5 mol/kg of 
tetrabutoxyhafnium. The alkoxide solution which adds the solution of 0.5 mol/kg of butanol 
(BuOH) of tetra butoxyzirconium by a mole ratio 1:1, and adds an acetylacetone (acac) so that it 
may be set to 1:1 by a mole ratio with all the metal (Hf+Zr) (Hf+Zr) was adjusted. When it mixes 
in addition and this solution and 0.1 M lauryl amine salt acid chloride (LAHC) solution were made 
to react by 31 3K so that the mole ratio of (Hf+Zr) and LAHC may be set to 4:1, it gelled 2-3 
hours afterward. After making this gelling thing react for seven days by 353K, it was made to dry 
by 353K and was considered as the solidified body. This solidified body was calcinated by 773K 
for 4 hours, and it was considered as the sample 19. The result of XRD was shown for the TEM 
image and electron diffraction image of the sample 19 in Table 3 at drawing 13 (a) and (b). 
[0081] 
[Table 3] 
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[0082]It was checked that this sample 1 9 is a nanotube of a monoclinic crystal. By an 
independent system, although the zirconia (sample 16) obtained in working example 8 was a 
monoclinic system in nanotube form, the diacid-ized hafnium (Hf0 2 ) (sample 14) which is a cubic 

in nanowire form and was obtained in working example 6 in the independent system, Like this 
sample 1 9, as for that oxide, it turned out that form and a crystal system change because Zr 
considers it as mixed stock with Hf. 

[0083]The actual measurement of the spacing d of the samples 19, 16, and 14 was compared 
with d value of the JCPDS card of the monoclinic system of diacid-ized hafnium, and the 
monoclinic system of zirconia as reference. Although the JCPDS referred data of diacid-ized 
hafnium is well in agreement with the sample 14 which is an independent system, the sample 19 
which is a multicomputer system has a large gap. In the sample 19, the peak of d= 1.577 and 
1.349 seen by the sample 14 was missing. Although d value of the sample 19 was comparatively 
well in agreement with the JCPDS referred data of a zirconia monoclinic system, d= 2.598 of 
referred data and the peak of 1.801 were missing. 

[0084]HfO 2 and Zr0 2 were not what formed the monoclinic system and the cubic independently, 

respectively, both compounded, the sample 19 changed from the above result to the monoclinic 
system, and it was shown that some monoclinic metal atoms of Hf0 9 are the structures replaced 
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by Zr. 

(Working example 12) As a charge of a start material, two kinds of metal alkoxides, tetrabuthyl 
alt.SUTANETO and tetraisopropyl alt.titanate, which are alkoxides of the metal of the valence 
electron number 4 were used. In first, the solution of 0.5 mol/kg of butanol (BuOH) of tetrabuthyl 
alt.SUTANETO. The alkoxide solution which adds tetraisopropyl alt.titanate by a mole ratio 1:1, 
and adds acac so that the mole ratio of all the metal (Sn+Ti) and acac may be set to 1:1 in the 
solution (Sn+Ti) was adjusted. By 31 3K, in addition, this solution and 0.1 M lauryl amine salt acid 
chloride (LAHC) solution were mixed so that the mole ratio of (Sn+Ti) and LAHC might be set to 
4:1. After it gelled the mixed solution in 2 hours and it made the gelling thing react by 353K for 
seven days, it dried by 353K and it was used as the solidified body. This solidified body was 
calcinated by 773K for 4 hours, and it was considered as the sample 20. The result of XRD was 
shown for the TEM image and electron diffraction image of the sample 20 in Table 4 at drawing 
14ja) and (b). 
[0085] 
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[0086]It was checked that this sample 20 is a nanotube of ******. The spacing d of Sn0 2 
(sample 1 5) obtained by the sample 20 and the independent system of the working example 7 
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and the titania nanotube of the working example 1 was compared with d value of the JCPDS 
card of Sn0 2 and Ti0 2 . The sample 15 of an independent system and the sample 20 of the 

spacing d of a Sn0 2 JCPDS card of mixed stock corresponded well. However, the peak of d= 

2.310 as which the sample 20 is regarded by the sample 15, and 2.118 and 1.117 is missing. 

The peak of d= 3.261 which is not seen was observed by the sample 15 which is ****** of Sn0 2 . 

Although the peak of d= 3.261 of this sample 20 is close to d= 3.247 which is the first peak of 
the JCPDS data of a rutile type titania, the sample 20 lacks d= 2.487 which is other peaks of a 
rutile type titania, and 2.188, 1.624 and 1.360. Sn0 2 and Ti0 2 were not what formed ****** and 

anatase independently, respectively, both compounded, the sample 20 changed from the above 
result to ******, and it was shown that some metal atoms of ****** of SnO £ are the metallic 

oxides of the structure replaced by Ti. 

(Working example 13) As a charge of a start material, two kinds of metal alkoxides of 
dimethoxypropyl zincate which is an alkoxide of tetrabuthyl altSUTANETO which is an alkoxide 
of the metal of the valence electron number 4, and the metal of the valence electron number 2 
were used. In first, the solution of 0.5 mol/kg of butanol (BuOH) of tetrabuthyl alt.SUTANETO. 
The alkoxide solution which adds acac so that the mole ratio of Sn and acac may be set to 1:1, 
and adds dimethoxypropyl zincate further so that the mole ratio of Sn:Zn may be set to 1:1 
(Sn+Zn) was adjusted. Zn was not embellished with acac. It became white and this solution and 

31 3K so that the mole ratio of (Sn+Zn) and LAHC might be set to 4:1. It took out after making 
this gelling thing react by 353K for seven days, and it dried by 353K, and was considered as the 
solidified body. This solidified body was calcinated by 773K for 4 hours, and it was considered as 
the sample 21. The result of XRD was shown for the TEM image and electron diffraction image of 
this sample 21 in Table 5 at drawing 15 (a) and (b). 
[0087] 
[Table 5] 
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[0088]It was checked that this sample 21 is a nanotube. Although many spacings looked at by 
the pyramidal quadratic system of Sn0 2 and the JCPDS referred data of ZnO and corresponding 

peaks were seen by this sample 21, two peaks, d= 1.631 and 1.383, which are not seen were 
observed by referred data. The peak of d= 1 .57 of the referred data of ZnO is missing from the 
data of the sample 21. The sample 21 is not that in which Sn0 2 and ZnO formed the crystal 

independently, respectively, and the above result shows both compounding and taking another 
crystal structure. 

(Working example 14) Isopropyl alcohol washed the gelatinous sludge obtained in working example 
1 , the surface-active agent was removed by centrifugal separation, and the paste state 
substance which has suitable viscosity was obtained. It was dropped on the substrate which 
sticks a tape about 100 micrometers thick on both the sides of tin oxide that gave the fluoride 
dope as a transparent conductive film for this paste state substance, and it applied, extending 
with a glass rod. Subsequently, after drying this substrate and removing a tape, it calcinated at 
300-450 ** for 30 minutes - about 2 hours, and the substrate with a titania film was obtained. 
[0089]Keeping this substrate with a titania film at 50 **, it soaked in the drying ethanol solution 
of the ruthenium pigment (RuL 2 (NCS) 2 , the L=4,4 -dicarboxy- 2, 2' bipyridine) of 3x10~ 4 M which 
is sensitizing dye overnight, and sensitizing dye was made to stick to a titania layer. The 
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substrate with a titania film which supported this sensitizing dye was used as the electrode, the 
platinum vacuum evaporation film was pasted together as a counter electrode, that gap was filled 
with the electrolytic solution 0 2 of 0.03M, acetonitrile fluid of Lil of 0.3M), and the dye-sensitized 

solar cell was produced. This dye-sensitized solar cell was irradiated with the false sunlight 

(100mW/cm 2 ) of AM1.5, and the current/voltage characteristics between two electrodes were 
measured, as a result — open circuit voltage is not based on change of various experimental 
conditions — about — since it was fixed 0.6V, it turned out that an energy conversion efficiency 
is mainly determined by the size of short circuit current density. 

[0090]Change of the short circuit current density to thickness was shown in drawing 16 about 
this dye-sensitized solar cell and the dye-sensitized solar cell P-25 produced by the method of 
publicly known GURETTSUERU and others. It was shown that the dye-sensitized solar cell which 
thickness produced by invention of this application in a field of 5 micrometers or less has the 
current density close to twice from drawing 16 compared with the publicly known dye-sensitized 
solar cell P-25. 

(Working example 15) The catalytic activity over oxidation reaction of propane (C 3 H 8 ) was 
evaluated, using as a catalyst Ce0 2 obtained in working example 5, Sn0 2 obtained in working 
example 7, and Ge0 2 obtained in working example 9. Ce0 2 from which the valuation method of 
catalytic activity was acquired in the working example, Sn0 2 , and Ge0 2 , 50 mg of each of 
commercial C e 0 2 , 3 n 0 2 , and-€teOj^#F45{Hrig^ 

passing the air of 50 ml/min. for 30 minutes in 400 **, It investigated by a total of 50 ml/min. 
Passing the mixed gas of after that C 3 Hg, N 2 , and 0 2 at a rate of C 3 H 8 :N 2 :0 2 =1 0:32:8, and 

analyzing the amount of decomposition products of C 3 Hg. Output analysis was conducted by the 

FID type gas chromatograph provided with meta-NAIZA. The result was shown in drawing 17 , 
drawing 1 8 , and Table 6. 
[0091] 
[Table 6] 
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[0092]As for Sn0 2 obtained in the working example, Ge0 2 , and Ce0 2 ( draw i ng 18), it was 

checked that high yield is obtained by each as compared with a commercial thing (drawing 1 7). 
Especially as for Sn0 2 , more than twice and Ge0 2 also showed twice [ about ] as many yield as 

this. A commercial sample about Ce0 2 CO (0.10%), To being the yield of C0 2 (0.37%), the 

samples obtained in the working example are C 3 H 6 (0.23%), CO (0.21%), and C0 2 (0.48%), and it 
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was checked that the presentation of a decomposition product is also preferred. 
[0093]Of course, this invention is not limited to the above example and it cannot be 
overemphasized about details that various modes are possible. 
[0094] 

[Effect of the Invention]It has nanotube form, and specific surface area is large and the titanium 
dioxide and manufacturing method of a photocatalyst activity high anatase phase are provided by 
this invention as explained in detail above. Invention of this application has a nanotube or 
nanowire form, and provides metallic oxides with big specific surface area, and those 
manufacturing methods. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ]It is the figure which illustrated the result of having measured the state of the 
reaction of TIPT, LAHC, and an acac mixed solution by (a) SAXS, and the result of having 
conducted fractal analysis of the (b) SAXS result. 

[Drawing 2] It is the figure which illustrated the (a) and (b) TEM image and the (c) SEM image of 
the titania nanotube sample. 

[D rawing 3] It is the figure which illustrated the result of the X diffraction of a titania nanotube 
sampler — - — — — — — 

[D rawing 4] It is the figure which illustrated the nitrogen absorption constant temperature line by 
the (a) BET adsorption method and (b) hole diameter distribution of the titania nanotube sample. 
[ Drawing 5] It is the figure which illustrated the evaluation result of the photoactive catalyst 
performance of titania nanotube sample powder. 

[D rawing 6] It is the figure which illustrated the evaluation result of the photoactive catalyst 
performance of titania nanotube sample powder and standard titania powder. 
[Drawing 7] They are the (a) TEM image of the ceria nanotube produced in the working example, 
a nitrogen absorption constant temperature line by the (b) BET adsorption method, and the 
figure that illustrated the result of (c) XRD. 

[Drawin g 8]They are the (a) TEM image of the diacid-ized hafnium nanotube produced in the 
working example, (b) electron diffraction image, and the figure that illustrated the result of (c) 
XRD. 

[Drawin g 9]It is the figure which illustrated the nitrogen absorption constant temperature line by 
the (a) TEM image of the tin dioxide nanowire produced in the working example, (b) electron 
diffraction image, and (c) XRD and (d) BET adsorption method. 

[Drawing 1 0 ]They are the (a) TEM image of the zirconium dioxide nanowire produced in the 
working example, (b) electron diffraction image, and the figure that illustrated the result of (c) 
XRD. 

[Drawing 1 1] It is the figure which illustrated the nitrogen absorption constant temperature line 
by the (a) TEM image of the diacid-ized germanium nanowire produced in the working example, 
(b) electron diffraction image, and (c) XRD and (d) BET adsorption method. 
[Drawing 12] They are the (a) TEM image of the iron oxide nanowire produced in the working 
example, (b) electron diffraction image, and the figure that illustrated the result of (c) XRD. 
[Drawing 13] It is the figure which illustrated the (a) TEM image of the oxide of the nanotube form 
of Hf and Zr which were produced in the working example, and (b) electron diffraction image. 
[Drawin g 14 ]It is the figure which illustrated the (a) TEM image of the oxide of the nanotube form 
of Ti and Sn which were produced in the working example, and (b) electron diffraction image. 
[Dra wing 15]It is the figure which illustrated the (a) TEM image of the oxide of the nanowire form 
of Sn and Zn which were produced in the working example, and (b) electron diffraction image. 
[Drawing 16] (a) produced in the working example — the dye-sensitized solar cell using the 
titanium dioxide of invention of this application, and (b) — it is the figure which illustrated the 
thickness of a titanium dioxide layer of the publicly known dye-sensitized solar cell P-25, and 
the relation of short circuit current density. 
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[Drawing 1 7] It is the figure which illustrated the evaluation result of catalytic activity to 
oxidation reaction of propane (C^Hg) of commercial Ce0 2 , G©0 2 , and Sn0 2 . 

[Drawing 18] It is the figure which illustrated the evaluation result of catalytic activity to 
oxidation reaction of propane (CoHJ of Ce0 9 obtained in the working example, Ge0 9 , and SnO 
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DRAWINGS 



[Drawing 3] 
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[Drawing 1 7] 
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[Drawing 6] 
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[Drawing 10] 
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[Drawing 2] 
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[Drawing 7] 
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[Drawing 18] 
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[Draw ing 8] 
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[Drawing 12] 
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[Drawing 14] 
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[ Draw ing 15] 



http://www4.ipdl .inpit.go jp/cgi-bin/tran^web_cgi_eije?atw„u=http%3A%2F%2Fwww4.i... 201 1 /06/1 6 



JP.2003-034531 ,A [DRAWINGS] 1 2/1 2 ^— V 



(a) 



(b) 



c 



[Translation done.] 
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